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G-proteins of the aq family link extracellular stimulation of plasma membrane receptors to phospholipase C and conse-
quently to intracellular Ca2/ release. Because they might function in initiating Ca2/ release at fertilization, we examined
Gaq family proteins in oocytes and eggs of Xenopus laevis. Three members of this protein family were identi®ed by
immunoblotting and antisense depletion. These proteins are barely detectable in the immature oocyte, but undergo a 6-
fold increase in amount during oocyte maturation. This increase in Gaq family protein expression correlates with the
acquisition, during oocyte maturation, of the ability to release Ca2/ at fertilization (Schlichter and Elinson, 1981, Dev.
Biol. 83, 33±41). In contrast, amounts of Gas and Gai3 are constant during maturation. We also examined the amounts of
Gaq , Gas , and Gai3 proteins during early development. While amounts of Gas and Gai3 show little or no change, Gaq
family protein expression increases 27-fold between the egg and neurula stages, suggesting that these proteins may be
important in initiating Ca2/ release during early development. q 1996 Academic Press, Inc.
INTRODUCTION (Yim et al., 1994). Although G-proteins have been inferred
to be present by functional criteria (see Jaffe, 1996), and
although genes for several G-proteins have been cloned fromDuring oocyte maturation, the hormone progesterone
a Xenopus ovary cDNA library (see below), it is not knownacts on the fully grown frog oocyte and transforms it into
which G-proteins are present in mature frog eggs or whethera fertilizable egg. The oocyte proceeds from meiotic pro-
they are synthesized as the oocyte acquires the ability tophase to second metaphase, and in parallel, there is a dra-
release Ca2/ in response to sperm.matic increase in the ability to release intracellular Ca2/ in
Heterotrimeric G-proteins include three main families ofresponse to sperm (Schlichter and Elinson, 1981). Ca2/ re-
a subunits, Gas , Gai , and Gaq , as well as b and g subunitslease at fertilization initiates events of egg activation; in
(Strathmann and Simon, 1990; Wilkie et al., 1992). G-pro-frog eggs, these events include prevention of polyspermy,
teins of the aq family activate phospholipase C-b to producecompletion of meiosis, and decondensation of sperm chro-
IP3 and release Ca2/ (Lee et al., 1992; Smrcka and Sternweis,matin (Kline, 1988). The Ca2/ release is mediated, at least
1993; Boyer et al., 1994). Within the Gaq family, four differ-in large part, by inositol trisphosphate (IP3) (Galione et al.,
ent genes have been described: Gaq , Ga11 , Ga14 , and Ga15/1993; Nuccitelli et al., 1993; Stith et al., 1993), but how the
Ga16 (mouse/human homologs) (Wilkie et al., 1992). Allproduction of IP3 is stimulated is unknown (see Jaffe, 1996).
activate phospholipase C-b, and currently this is their onlyPossibilities include stimulation of a G-protein, leading to
known function (Lee et al., 1992). Gaq and Ga11 have beenactivation of phospholipase C-b (Kline et al., 1991), or stim-
cloned from a Xenopus ovary library and show, respectively,ulation of phospholipase C-g by tyrosine phosphorylation
96 and 92% amino acid identity with mammalian homologs
(Shapira et al., 1994; Guttridge et al., 1995). Ga0 , Gai1 , Gai3 ,
and Gas have also been cloned from a Xenopus ovary library1 Present address: Biogen, Inc., 14 Cambridge Center, Cambridge,
MA 02142. and show 85±90% amino acid identity with mammalian
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homologs (Olate et al., 1989, 1990). These subunits function Preparation of Oocyte, Egg, Embryo,
and Brain Samplesin the regulation of adenylyl cyclase and ion channels and
are not known to activate phospholipase C (see Strathmann
Cortices of oocytes and in vitro matured eggs were prepared asand Simon, 1990; Boyer et al., 1994). Although the bg sub-
described by Elinson et al., (1993) and Gallo et al., (1995). In brief,
units released from Gi and G0 can activate phospholipase oocytes or eggs were cut in half and the halves were ¯attened onto
C-b (Smrcka and Sternweis, 1993; Boyer et al., 1994), nei- a nitrocellulose ®lter with a coverslip, in a buffer containing 100
ther of these Gi family proteins is likely to be important in mM Pipes, pH 6.9, 10 mM EGTA, 1 mM MgSO4, 10 mg/ml aproti-
fertilization, since inactivation of their function by pertus- nin, 10 mg/ml leupeptin, 100 mg/ml soybean trypsin inhibitor, and
100 mg/ml a2-macroglobulin. The ®lter with adhering plasma mem-sis toxin does not inhibit Ca2/ release at fertilization (Shil-
brane and some associated cytoplasm was rinsed gently and storedling et al., 1989; Kline et al., 1991; Williams et al., 1992).
at 0707C. This preparation is enriched in plasma membrane, butTherefore, of the various G-proteins, those in the aq family
has signi®cant yolk contamination.are the best candidates for a function in the stimulation of
To obtain membranes without yolk, we homogenized oocytes,Ca2/ release by sperm.
eggs, or embryos with a glass pestle homogenizer (10 ml buffer per
Little is known about G-proteins in embryonic develop- oocyte, egg, or embryo). The buffer contained 100 mM K/ gluta-
ment. In Drosophila, mutation of the gene concertina, mate, 10 mM EGTA, 20 mM Hepes, pH 7.2, 3 mM CaCl2, 3 mM
which encodes a Ga-like protein, results in defective gastru- MgCl2, 10 mg/ml aprotinin, 10 mg/ml leupeptin, 100 mg/ml soybean
lation (Parks and Wieschaus, 1991). G-proteins could also trypsin inhibitor, and 100 mg/ml a2-macroglobulin. Membranes
function in early frog development, as suggested by mea- were collected from the homogenates using two different centrifu-
gation procedures (see Gallo et al., 1995). Type 1 membranes weresurements of an increase in IP3 during mesoderm induction
prepared by layering the homogenate on a 1.5 M sucrose cushion.(Maslanski et al., 1992), and activation of protein kinase C
Centrifugation at 16,000g (rav) pelleted yolk and left membranes atduring neural induction (Otte et al., 1990).
the sucrose interface. Approximately 2±3 mg of protein was ob-In the present paper, we examine the protein levels of
tained per oocyte, egg, or embryo. Membranes were further puri®edeach of the major families of Ga subunits in Xenopus oo-
by a second centrifugation onto a sucrose cushion, followed by
cytes, eggs, and embryos and show that during both oocyte pelleting at 16,000g without sucrose. Type 2 membranes were pre-
maturation and early development, expression of the Gaq pared using a microfuge; an initial 2-min centrifugation at 325g to
family proteins increases dramatically. In contrast, the pellet yolk was followed by a 10-min centrifugation of the superna-
amounts of Gai3 and Gas do not change during oocyte matu- tant at 16,000g to pellet membranes. Approximately 10±15 mg of
protein was obtained per oocyte, egg, or embryo. This preparationration and show little or no change during early embryonic
was faster and had a higher yield, but resulted in some retentiondevelopment. The developmental regulation of the expres-
of yolk in the ®nal pellet. Both membrane preparations were com-sion of the Gaq proteins suggests that these proteins may
posed of a mixture of plasma membrane and endoplasmic reticulumfunction in signaling during fertilization and early develop-
membrane.ment.
Whole egg or oocyte lysates were prepared by homogenization
with a 200-ml pipet tip (25 ml buffer per oocyte or egg). Approxi-
mately 250 mg of protein was obtained per oocyte or egg. Lysates
minus yolk were prepared by homogenization (10 ml buffer per
oocyte or egg) followed by centrifugation at 325g to pellet yolk.MATERIALS AND METHODS
Approximately 30±40 mg of protein was obtained per oocyte or egg.
Brain membranes were prepared by homogenization of a Xenopus
brain, centrifugation at 1000g for 1 min, followed by centrifugationObtaining Oocytes, Eggs, and Embryos
of the supernatant at 12,000g for 45 min to pellet membranes.
Protein concentrations were determined using the BCA assay
Oocytes, eggs, and embryos were obtained from Xenopus laevis (Pierce Chemical Co., Rockford, IL) with BSA as a standard.
(Nasco, Fort Atkinson, WI). Oocytes (stage 6) were obtained by
dissection of a piece of ovary from a hypothermically anaesthetized
frog, followed by collagenase treatment to remove follicle cells (De Immunoblotting
Sousa and Masui, 1990; Gallo et al., 1995). In vitro matured eggs
were obtained by incubation of the oocytes with 1 mg/ml progester- Af®nity-puri®ed rabbit polyclonal antibodies recognizing G-pro-
one in 50% Liebovitz's L-15 medium (GIBCO BRL, Gaithersburg, tein a subunits were obtained from the laboratories of Allen Spiegel
MD), 10 mM Hepes, pH 7.2, 50 mg/ml gentamycin. Oocytes were (National Institutes of Health) (QL, RM, EC) and Melvin Simon
removed from the progesterone solution when a white spot was (California Institute of Technology) (CT90). These antibodies were
visible and incubated for 3 hr to ensure that they reached second made against C-terminal peptides of Ga subunits, listed in Table
metaphase (see Gallo et al., 1995). 1. A rabbit polyclonal antiserum against the extracellular domain of
In vivo matured eggs were obtained by squeezing from an animal Xenopus C-cadherin (sequence as described by Lee and Gumbiner,
injected with pregnant mare serum gonadotropin and human chori- 1995) was obtained from Barry Gumbiner (Memorial Sloan-Ketter-
onic gonadotropin, followed by a 1- to 2-min treatment with 45 ing Cancer Center). Immunoblotting was performed as previously
mM b-mercaptoethanol to remove jelly. Embryos were obtained by described (Jaffe et al., 1993). Antibodies were used at the following
in vitro fertilization, followed by b-mercaptoethanol treatment to concentrations: QL and CT90 (4 mg/ml), RM (2.5 mg/ml), and EC
remove jelly. Embryo stages were de®ned according to Nieuwkoop (1.6 mg/ml). The C-cadherin antiserum was used at a dilution of
1:13,000.and Faber (1967).
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TABLE 1
G-protein a Subunit Peptides Used to Produce Antibodies
Subunits Antigen Sequence
Antibody recognizeda sequenceb similarityc Reference
QL q, 11, 14 QLNLKEYNLV 10/10 (q), 9/10 (11) Shenker et al. (1991)
CT90 q, 11, 14 QLNLREFNLV 8/10 (q), 7/10 (11) Aragay et al. (1992)
RM s RMHLRQYELL 10/10 Simonds et al. (1989)
EC i3, o KNNLKECGLY 8/10 Simonds et al. (1989)
a Based on blotting against recombinant Ga-subunits (Aragay et al., 1992). The EC antibody was made against the C-terminal of Gai3 ,
but shows some cross-reactivity with Ga0 . However, Gao-speci®c antibodies (GC and sc387) that recognize Gao in Xenopus brain, do not
show speci®c labeling in Xenopus oocytes, eggs, and neurulae (Gallo et al., 1995, and unpublished results). Therefore, the EC antibody
appears to be speci®c for Gai3 in these preparations.
b Antigen sequences correspond to the C-terminals of mammalian G-protein a subunits.
c Numbers indicate the fraction of identical amino acids in the antigen sequence compared with the Xenopus G-protein sequence.
Sequences for Xenopus Gaq and Ga11 are described by Shapira et al. (1994) and Guttridge et al. (1995). Sequences for Xenopus Gas and
Gai3 are described by Olate et al. (1990). The sequence for Xenopus Ga14 is not known.
Quantitation of the immunostain densities was done using a acids of mammalian Gaq and Ga11 are identical and 80%
scanner (Apple OneScanner, Apple Computer, Inc., Cupertino, CA) identical to Ga14 (Strathmann and Simon, 1990; Wilkie et
with a yellow ®lter (medium lemon acetate; Charrette, Woburn, al., 1991). For Xenopus Gaq , the C-terminal 10 amino acids
MA). The scanner was interfaced with a computer (Power MacIn- are identical to those of mammals; for Xenopus Ga11 , theretosh 7100) with the following software: Scantastic (Second Glance is only 1 amino acid difference (Shapira et al., 1994; Gut-
Software, Laguna Hills, CA), Adobe Photoshop (Adobe Systems,
tridge et al., 1995). Xenopus Ga14 has not been identi®edInc., Mountain View, CA), and NIH Image (from Wayne Rasband,
or sequenced. Because of their similarities, Gaq , Ga11 , andResearch Services Branch, NIH, Bethesda, MD). Images were
Ga14 are all recognized by antibodies against either the Gaq/printed using a dye sublimation printer (Phaser 440, Tektronix,
Ga11 C-terminal (QL; Shenker et al., 1991) or the Ga14 C-Inc., Wilsonville, OR). To determine the range for which the immu-
terminal (CT-90; Aragay et al., 1992), as demonstrated bynostain density was directly proportional to the protein concentra-
tion, various amounts of brain membrane protein were loaded on immunoblotting of recombinant proteins (Aragay et al.,
gels; blots of these gels were immunostained, scanned, and quanti- 1992).
tated. All determinations of relative amounts of proteins were made Immunoblots of Xenopus brain membranes and Xenopus
using blots in which the immunostain densities were in the linear egg cortices and egg membranes with the af®nity-puri®ed
range. QL and CT90 antibodies identi®ed three proteins with mo-
lecular weights (39±42 kDa) close to those of mammalian
Antisense Oligonucleotide Injections aq family G-proteins (Fig. 1). Figure 4 shows another exam-
ple, in which the three bands were particularly well re-Antisense oligonucleotides were obtained from Oligos, Etc. (Wil-
solved. The QL and CT90 antibodies identi®ed the samesonville, OR) (AS1, AS2, Ga0AS), and from the Caltech Biopolymer
three bands in three different egg membrane fractions: corti-Synthesis and Analysis Resource Center (AS3). AS1 corresponded
to a sequence of Xenopus Gaq (5*-ATTCTCAAAAGAGGCGACC- ces, type 1 membranes, and type 2 membranes (see Materi-
3*) (all phosphorothioate linkages). AS2 corresponded to a sequence als and Methods). Other immunolabeled bands outside of
of Xenopus Ga11 (5*-CTGTTCAAAGGTACATACT-3*) (all phos- the 39- to 42-kDa range varied for the different egg fractions
phorothioate linkages). Gaq family antisense AS3 corresponded to and antibodies (Figs. 1B and 1D) and also for different af®n-
a common sequence of Xenopus Gaq and Ga11 (5*-TCATATTCA- ity-puri®ed batches of the same antibody (Figs. 1D and 1E);
CTAAGGGCTACAAGGAACAT-3*) (all phosphodiester link- these other bands were assumed to be nonspeci®c. Mixing
ages). The Ga0 antisense oligo corresponded to a sequence of Xeno- the CT90 antibody with its peptide antigen (1:10, wt/wt)pus Ga0 (5*-GCGCTCAGTCTGCAGCCCAT-3*) (all phosphoro-
eliminated staining of the bands in the 39- to 42-kDa rangethioate linkages). Oocytes were injected as previously described
(Fig. 1F). We conclude that Xenopus egg membranes contain(Gallo et al., 1995).
three identi®able proteins of the Gaq family, but it is un-
known whether the three proteins represent products of
RESULTS different genes, or splicing variants, or posttranslational
modi®cations of the same gene product.Identi®cation of Three Gaq Family Proteins in Frog
Brain and Eggs Gaq Family Protein Expression Increased during
Oocyte MaturationTo identify Gaq family proteins in Xenopus eggs, we used
antibodies made against the C-terminals of mammalian Immunoblots of membrane preparations from oocytes
(fully grown stage 6 oocytes at meiotic prophase) and eggsGaq , Ga11 , and Ga14 (Table 1). The C-terminal 10 amino
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bands increased 6.3 { 1.0-fold (mean { SEM) between oo-
cyte and egg. The increase ranged from 3- to 11-fold for the
nine trials.
FIG. 1. Immunoblots of Xenopus brain membranes, and egg corti-
ces and membranes, with antibodies against the Gaq/Ga11/Ga14
family. (A) Brain (2 mg), QL antibody. (B) Egg cortices (four cortices,
50 mg), QL antibody. (C) Brain (2 mg), CT90 antibody. (D) Egg
membranes (type 1) (70 mg), CT90 antibody. (E and F) Egg mem-
branes (type 1) (70 mg), CT90 antibody (a different batch of af®nity-
puri®ed antibody than in C and D). For F, the antibody was preincu-
bated with its peptide antigen (1:10, wt/wt). The three Gaq family
bands from Xenopus eggs had molecular weights that were within
1 kDa of those from Xenopus brain. The molecular weights of the
three bands from brain were 42.3, 41.4, and 40.1 kDa (averages
from 6 measurements). For egg membranes, the molecular weights
were consistently slightly smaller, 41.5, 40.9, and 39.3 kDa (aver-
ages from 11 measurements). The molecular weights of recombi- FIG. 2. Immunoblots of oocyte and egg membranes (type 1), probed
nant mammalian Gaq , Ga11 , and Ga14 , produced in COS cells and with antibodies against Gaq family, Gas, and Gai3 proteins. (A) CT90
separated in our gel system, were 40.5, 40.5, and 41.6 kDa, respec- antibody (Gaq family), 70 mg membrane protein. (B) QL antibody (Gaq
tively (averages from 2 measurements, data not shown). family), 70 mg membrane protein. (C) RM antibody (Gas), 70 mg mem-
brane protein. (Note. In a previous study (Gallo et al., 1995), we re-
ported that the RM antibody recognized bands at 43 and 38 kDa; only
the 43-kDa band shown here is consistently seen with different
(at second meiotic metaphase) showed a dramatic increase batches of af®nity-puri®ed antibody.) (D) EC antibody (Gai3), 50 mg
in expression of the Gaq family proteins during maturation membrane protein. For each egg/oocyte comparison, the immuno-
staining conditions were identical. No signi®cant changes were ob-(Figs. 2A, 2B, and 2E). In the oocyte, the bands in the Gaq
served in nonspeci®c immunostaining (Fig. 1) comparing oocytes andfamily region of the blot were very faint; of the three bands
eggs. (E) Relative amounts of Gaq family, Gas, and Gai3 proteins inseen in the egg, the middle band and sometimes the lower
Xenopus oocytes and eggs. Values represent the immunostain densityband were detectable in the oocyte, but the top band was
in the bands corresponding to these proteins; values are normalizednot. The increase in immunostain density was similar for
to the value in the oocyte of 1.0. For the Gaq family, the three bandsdeterminations made using in vitro or in vivo matured eggs,
were measured as a group. Error bars indicate the standard error of the
and with cortices or membranes, and with both the QL and mean (n  9 for Gaq family; n  4 for Gas; n  7 for Gai3 ). Results
CT90 antibodies. To quantify this increase, the immuno- obtained with cortices, type 1 membranes, and type 2 membranes,
stain density of the three bands was measured as a combined and with in vitro and in vivo matured eggs, are pooled; similar results
value. Pooling measurements from blots of nine separate were obtained with each of these conditions. Gaq family values include
results obtained with the QL and CT90 antibodies.membrane preparations, the combined signal from the three
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14 hr, and then matured with progesterone. Lysates of these
cells were centrifuged to remove yolk and analyzed by im-
munoblotting.
Each of the antisense oligonucleotides caused a reduction
in the total immunostain density of the three bands recog-
nized by the Gaq family antibody (QL). These density values
were 29±55% of those for uninjected eggs (Fig. 4; Table 2).
Two of the antisense oligonucleotides, AS1 and AS3, re-
duced the immunostaining of all three bands, while the
other, AS2, showed clear selectivity. AS2 reduced the upper
two bands and had no effect on the lowest band (three of
three experiments). The AS2 sequence exactly matches the
Ga11 sequence, which suggests that one of the upper two
bands is Ga11 . The differential effect of AS2 on the individ-
ual protein bands makes it unlikely that this result can be
attributed to nonspeci®c degradation of all RNAs (Smith et
al., 1990).
Two control experiments were performed. (1) Injection of
a Ga0 antisense oligonucleotide (15 ng per oocyte) did not
reduce the intensity of the three bands stained by the Gaq
FIG. 3. Immunoblots of lysates from whole oocytes and eggs, family antibody (Fig. 4E), compared with the noninjected
probed with the QL antibody against Gaq family proteins. 250 mg egg (Fig. 4A). (2) Blots of the samples injected with the Gaq
of protein was loaded in each lane (equivalent to one oocyte or egg). family antisense oligonucleotides were stained with an an-
The immunostaining conditions were identical for oocytes and tibody recognizing C-cadherin, an unrelated protein synthe-
eggs. sized during oocyte maturation (Choi et al., 1990). The Gaq
family antisense oligonucleotides did not reduce the syn-
thesis of C-cadherin (Fig. 4, lower panels; Table 2). These
results provide supporting evidence that the three QL anti-For comparison, we examined the amounts of Gas and
body staining bands in the 39- to 42-kDa region are GaqGai3 during oocyte maturation (Figs. 2C, 2D, and 2E). These
family members.subunits have been previously identi®ed by immunoblot-
ting of membranes from Xenopus oocytes (Gallo et al.,
Gaq Family Protein Expression Increased during1995). Based on measurements of immunostain density, the
Early Developmentratios of these Ga-subunits in membranes from eggs vs oo-
Immunoblots of unfertilized eggs, 8-cell embryos, blastu-cytes were 1.12 { 0.13 (mean { SEM, n  4) for Gas and
lae, gastrulae, and neurulae showed a dramatic increase in0.92 { 0.04 (mean { SEM, n  7) for Gai3 . We conclude
expression of Gaq family proteins during early developmentthat, in contrast to the Gaq family, the two other Ga sub-
(QL antibody) (Figs. 5A and 5D). Based on measurements ofunits showed no change during oocyte maturation.
immunostain density, the total signal in the three bandsThe increase in Gaq family proteins present in egg mem-
increased 27 { 5-fold (mean { SEM, n  3) between thebranes vs oocyte membranes could be due either to redistri-
unfertilized egg and the stage 18 neurula. The relativebution from a nonmembrane pool in the oocyte or to an
amounts of immunostaining in each of the three bands wasincrease in the total amount of the proteins present in the
approximately the same in membranes from eggs and neu-cells. To examine this issue, we performed immunoblots of
rulae. Immunostaining of frozen sections of stage 18 neuru-total egg and oocyte lysates, rather than membranes. Gaq
lae with the QL antibody showed the presence of Gaq familyfamily proteins were clearly detected in blots of egg lysates;
proteins in all regions of the embryo (data not shown).in contrast, the amount of Gaq family proteins in the oocyte
For comparison, we examined the amounts of Gas andlysates was much less (Fig. 3). Similar results were obtained
Gai3 during early development (Figs. 5B, 5C, and 5D). Basedin two experiments. We conclude that the appearance of
on measurements of immunostain density, the increasesGaq family proteins in egg membranes during maturation
between the unfertilized egg and the stage 18 neurula wereis due to an increase in the total amount of these proteins
1.7 { 0.1 (mean { SEM, n  2) for Gas and 1.4 { 0.6 (meanpresent in the cells. { SEM, n  2) for Gai3 . We conclude that, relative to theThe synthesis of these proteins during oocyte maturation
Gaq family, two other Ga-subunits showed little or noallowed us to use antisense oligonucleotides to con®rm that
change during early development.these three proteins were Gaq family members. Three oligo-
nucleotides, with varying degrees of speci®city for Gaq , DISCUSSIONGa11 , and Ga14 (Ga14 based on the mouse sequence), were
used (Table 2). Oocytes were injected with the oligonucleo- G-proteins of the aq family link extracellular stimulation
of plasma membrane receptors to activation of phospholi-tides (15 ng of AS1 or AS2; 20 ng of AS3), incubated for 5±
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TABLE 2
Reduction of Gaq Family Proteins by Injection of Gaq Family Antisense Oligonucleotides
Immunostain Density
(% of uninjected egg)c
% Sequence identityb
Gaq family C-cadherin
Antisensea XGaq XGa11 MGa14 proteins protein n
AS1d 100 47 42 53 { 5 98 { 10 3
AS2d 47 100 26 55 { 4 98 { 12 3
AS3 100 100 79 29 104 1
a Sequences are listed under Materials and Methods.
b Numbers indicate the percentage of sequence identity between each antisense oligonucleotide and each Gaq family subunit. X, Xenopus;
M, mouse. Sequences for Xenopus Gaq and Ga11 are described by Shapira et al. (1994) and Guttridge et al. (1995). The sequence for
Xenopus Ga14 is not known. The sequence for mouse Ga14 is described by Wilkie et al. (1991).
c Experiments were carried out as described in the text. Values are the means { SEM for n experiments.
d These two oligonucleotides correspond to the region of Gaq and Ga11 for which the amino acid sequence for Gaq is most different
from that of Ga11 . Northern blotting of RNA from oocytes injected with these oligonucleotides has indicated that they show partial, but
not complete, speci®city between Gaq and Ga11 (Shapira et al., 1994).
pase C-b, leading to IP3 production and intracellular Ca2/ our gel system). Dimunition of the synthesis of these pro-
teins by injection of antisense oligonucleotides speci®c forrelease. This family of G-proteins has been inferred to be
present in mature Xenopus eggs, based on the occurrence this gene family supports this conclusion. Gaq family pro-
teins have also been shown to be present in immature Xeno-of pertussis toxin-insensitive Ca2/ release in response to
activation of exogenously introduced G-protein-linked re- pus oocytes, based on reduction of Ca2/ release in response
to exogenously introduced G-protein-linked receptors by in-ceptors (Kline et al., 1991). The present paper provides direct
evidence for the presence of 3 Gaq family proteins in mature jection of Gaq family antisense oligonucleotides (Shapira et
al., 1994; Quick et al., 1994; Stehno-Bittel et al., 1995). OneXenopus eggs, based on immunoblotting of proteins at mo-
lecular weights close to those of Xenopus brain and of mam- of these previous studies (Stehno-Bittel et al., 1995) reported
the presence of a Gaq protein in immature oocytes based onmalian recombinant Gaq , Ga11 , and Ga14 (39±42 kDa in
FIG. 4. Reduction of Gaq family proteins by injection of antisense oligonucleotides. Oocytes were injected with 15 ng of each antisense
oligonucleotide and put in progesterone to induce maturation at 14 hr after injection; the oligonucleotides did not inhibit or slow oocyte
maturation. At 31 hr after injection, the cells were lysed, and the lysates were centrifuged to remove yolk. 140 mg protein was loaded in
each lane, and the region of each blot below 50 kDa was probed with the QL antibody. The immunostaining conditions were identical
for the ®ve samples. (A) Control oocytes, no progesterone. (B) Control oocytes, treated with progesterone. (C) Oocytes injected with Gaq
family antisense AS1 and treated with progesterone. (D) Oocytes injected with Gaq family antisense AS2 and treated with progesterone.
(E) Oocytes injected with Ga0 antisense and treated with progesterone. The region of each blot above 50 kDa was probed with a control
antibody against C-cadherin (lower panels). The asterisk indicates the C-cadherin band.
Copyright q 1996 by Academic Press, Inc. All rights of reproduction in any form reserved.
AID DB 8252 / 6x0f$$$241 06-08-96 01:48:57 dba AP: Dev Bio
306 Gallo et al.
mals, is an increase in IP3 sensitivity (Chiba et al., 1990;
Fujiwara et al., 1993; Mehlmann and Kline, 1994).
Between egg and neurula, Gaq family protein expression
in Xenopus increases 27-fold. In contrast, there is little or
no increase in Gas or Gai3 protein expression from egg to
neurula; likewise, no increases in Gas , Gai1 and Ga0 RNA
occur during this period (Otte et al., 1992; Onate et al.,
1992). These ®ndings support a possible role for Gaq family
proteins in early development.
In mouse eggs, a member of the Gaq family has also been
identi®ed by immunoblotting (Williams et al., 1992). Gaq
family protein levels have not been measured during mouse
oocyte maturation and development, but Gaq family RNA
levels have been examined at stages between oocyte and
blastocyst (Rambhatla et al., 1995; Williams et al., 1996).
The Williams et al. work shows an interesting parallel with
our ®ndings, with high Gaq and Ga14 RNA levels in oocytes
and eggs, relative to cleavage stage embryos; this is consis-
tent with the possibility that the RNA is used to make
protein during oocyte maturation. Both mouse studies show
a large increase in Ga11 RNA between the 8-cell and blasto-
cyst stages, consistent with our ®nding of an increase in
Gaq family proteins during early development in Xenopus.
The only Ga subunit family for which protein levels have
been studied in mouse oocytes, eggs, and embryos is Gai ,
and as for frog Gai , relatively small changes have been ob-FIG. 5. Immunoblots of egg and embryo membrane fractions
served (Allworth et al., 1990; Jones et al., 1991). The amountprobed with antibodies against Gaq family, Gas , and Gai3 proteins.
Each antibody was used to probe type 1 membranes prepared from of Gai family G-protein subunits decreases from oocyte to
unfertilized eggs (U), 8-cell embryos (8), blastulae (stage 8) (B), gas- egg (60% of oocyte) and from egg to blastocyst (30% of egg)
trulae (stage 10) (G), and neurulae (stage 18) (N). For each develop- (Allworth et al., 1990); it then increases 2-fold from Days
mental sequence, the immunostaining conditions were identical. 6.5 to 7.5 (primitive streak stage) (Jones et al., 1991). Immu-
(A) Gaq family proteins detected with the QL antibody (50 mg per nocytochemical studies of Ga0 in salamander embryos (Pi-lane). (B) Gas protein detected with the RM antibody (50 mg per tuello et al., 1991) and of Gas , Gai , and Ga0 in Drosophilalane). (C) Gai3 protein detected with the EC antibody (70 mg per embryos (Wolfgang et al., 1991) have revealed stage-speci®clane). (D) Relative amounts of Gaq family, Gas , and Gai3 proteins
protein expression, but protein levels have not been mea-in Xenopus eggs and embryos. Values represent the immunostain
sured.density in the bands corresponding to these proteins; values are
The present paper is the ®rst developmental study of Gaqnormalized to the value in the egg of 1.0. For the Gaq family,
the three bands were measured as a group. Error bars indicate the family protein expression, and the 6-fold increase in Gaq
standard error of the mean (n  3 for Gaq family; n  2 for Gas ; n family protein between oocyte and egg and the 27-fold
 2 for Gai3). For gastrula and neurula stages, we reduced the increase between egg and neurula are the largest changes
amount of protein per lane 5±101, in order to be within the linear in G-protein expression in animal development reported to
range of immunostain density; values were then normalized to a date. The signi®cance of these increases for developmental
constant amount of egg or embryo protein per lane. Results ob- processes such as oocyte maturation, fertilization, gastrula-
tained with type 1 and type 2 membranes are pooled; similar results
tion, and neurulation remains to be examined.were obtained with each of these membrane preparations.
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